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© Method and plant for the destruction of organic sludge, especially sewage sludge. 



© The plant according to the invention has a dry- 
ing apparatus (9) which is provided with slow-running 
conveyor belts (8,11) disposed in each their separate 
compartments. In connection with the first belt (8) 
there is provided a sludge laying-out device (7) 
having a nozzle opening with a diameter in the order 
of 5-8 mm. The sludge laying-out device (7) has a 
nozzle which can be moved transversely to the belt 
(8). The drying apparatus (9) can be supplied with 
combustion gases which are developed in the burn- 
ing of the dried sludge in a furnace. 

With the method according to the invention, the 
sludge laying-out device (7) lays dewatered sludge 
on the belt (8) in a first part-process where hot 
gases having a temperature between 150 and 250°C 
sweep the laid-out. string-formed sludge mass (74) 
on the belt (8), which ensures that the mass retains 
its string form and therewith its, air permeability 
during the second part-process on an underlying belt 
(11). 
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BACKGROUND OF THE INVENTION 

The invention relates to a method for the de- 
struction of organic sludge, especially sewage 
sludge containing a maximum of 40% dry matter, 
and comprising a drying process where the sludge 
is laid out on a conveyor belt which is fed forward 
at a controlled speed. In the laying-out. the sludge 
is of such a form that the free surface of the sludge 
divided by the volume of the sludge gives a ratio 
value in the order of between 5 and 13 cm" 1 , and 
where during transport on the belt the sludge is 
dried by hot gases which permeate the belt and 
sweep the sludge. 

Furthermore, the invention relates to a plant for 
the execution of the method and comprising a 
dryer for organic sludge, especially sewage sludge, 
and wherein there is provided a conveyor belt 
which can be fed forward at a controlled speed and 
which can be permeated with air. The plant has an 
device for the laying-out of the sludge on the 
conveyor belt in a form with a ratio between the 
surface area and volume, where the ratio value 
which arises by dividing the surface with the vol- 
ume in the condition immediately upon laying-out 
is greater than 4 cm' 1 , preferably between 5 cm -1 
and 13 cm" 1 , and where in the dryer there are one 
or more injection openings for hot gases for the 
drying of the sludge, and/or guideplates for the 
gases arranged so that the gases can be forced 
through the conveyor belt to sweep the sludge. 

Organic sludge, including sewage sludge, has 
a paste-like consistency and is sticky and is thus 
difficult to convey and handle. The sludge thus 
adheres to ail surfaces and is difficult to remove. 
Moreover, during the drying process, the sludge 
has a tendency to bake together to form a solid, 
cohesive mass, where the inside of the mass dries 
only with great difficulty. 

Such a method and such a plant are known 
from DE A1 3,518,323, where dewatered sludge is 
transferred to a special press apparatus which 
presses sausage-shaped pieces with a diameter of 
about 5 mm and a length of about 40 mm out 
through the perforated bottom of the press appara- 
tus. The sludge pieces fall down on to the con- 
veyor belt which carries piles of sludge pieces 
through a drying oven where hot air passes 
through the conveyor belt. The disadvantage of this 
known technique is that the sausage-shaped pieces 
can fall on top of each other and hang together in 
the laying-out in portions on the belt. This is am- 
plified by the fact that the laying-out on the belt is 
effected outside of the oven, after which the sludge 
pieces can stick together and to the belt before the 
sludge reaches into the oven. The drying is effec- 
ted in one process step. 



ADVANTAGES OF THE INVENTION 

The method according to the invention has the 
special feature that the sludge is laid out on the 

5 conveyor belt with one or more separate nozzles, 
which during the laying-out are moved transversely 
to the belt's direction of movement, so that a string 
or several mutually separated strings of sludge are 
formed, and that the belt, at the place where the 

w laying-out takes place, is permeated by the gases 
which at this place have a temperature of at least 
110°, preferably between 150 and 250°. 

Due to the ratio between the surface area and 
the volume of the sludge when it is applied to the 

is conveyor, and at the same time that the surface is 
immediately exposed to the hot gases, the outer 
layer and the layer immediately under the surface 
in the sludge string will be dried very quickly to a 
relatively firm and porous scale, which prevents 

20 adhesion to the conveyor belt and the sticking- 
together of the sludge parts during the further 
drying. The sludge can easily be loosened from the 
surface of the belt and conveyed further in the form 
of pellets or strings. In the further drying, which can 

25 be effected in several steps, the porous scale en- 
ables the insides of the strings to be dried. The 
relatively low temperature of the gases used for the 
drying also means that toxic gases are not re- 
leased during the drying process. 

30 The special characteristic of the plant accord- 

ing to the invention is that the device for laying out 
the sludge consists of one or more mutually sepa- 
rated nozzles which can be moved transversely to 
the belt's direction of movement, and that 

35 guideplates and injection openings for the gases 
are disposed in such a manner that the gases are 
made to flow through the belt at the place or 
places where the sludge will be applied to the belt 
during the laying-out. 

40 The method can thus be executed with rela- 

tively simple means and with the advantages as 
described above. By using a single or several 
separate nozzles which are movable, a large 
amount of sludge with relatively great density can 

45 be laid out on the belt without the laying-out being 
disturbed by irregularities, which would be the case 
when using a manifold which opens out into a 
number of nozzles. It is known to use such a 
manifold with static nozzles which apply straight, 

so parallel strings on the belt, where the strings have 
a smaller ratio between the surface area and the 
volume than with the invention. In the aforemen- 
tioned case there is the risk that some of the 
nozzles can get blocked, in that the sludge simply 

55 finds its way to the non-blocked nozzles, with sub- 
sequently less material being laid out This hap- 
pens particularly with the relatively thin sludge 
strings which are necessary in order to achieve the 
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ratio between the volume and the surface of the 
sludge. With the transverse movement of each 
nozzle, the sludge can be laid relatively densely on 
the conveyor belt. 

With the arrangements as disclosed in claims 2 
and 11 respectively, it is achieved that the 
upwardly-permeating gases reduce the pressure of 
the sludge string against the surface of the bett, 
hereby reducing the cohesion between sludge and 
belt at the place where the risk of sticking is 
greatest. 

With an embodiment of the method as dis- 
closed in claim 4, it is achieved that the thermal 
energy generated by the sludge can be used for 
the drying process. There is hereby provided a 
very energy-economical destruction process. 

In the destruction of sewage sludge with a dry- 
) matter content of less than 25%, it is preferred to 
use a method as disclosed in claim 5, where the 
drying of the sludge takes place in a two-step 
process in which the sludge is exposed to the 
hottest gases first. By using a lower temperature in 
the second part of the process, there is a further 
reduction in the risk of emission of malodorous and 
toxic vapours at a time when a large part of the 
water vapour has disappeared from the sludge. The 
destruction of the sludge can be held neutral, with 
regard to the consumption of thermal energy, right 
down to a drying of sewage sludge with a dry- 
matter content of 20%. 

Furthermore, it is preferred to execute the 
method as disclosed in claim 6. The toxic and 
malodorous emissions from the flue gas which is 
led out to the surroundings are hereby reduced to 
an environmentally-acceptable level. 

With the preferred embodiment of the method 
as disclosed in claim 8, the amount of fresh air 
which is added at the second conveyor belt will 
, lower the dewpoint temperature of the drying air 
(the gases) used in the second part-process <a2). 
The added amount of fresh air determines the 
dewpoint of the drying air, and is greater than the 
furnace's need for oxygen-containing fresh air. 
preferably 1 .5 to 5 times greater. After mixing, the 
surplus air is led to the first part-process (a1 ). 

For the binding of ammonia absorbed by the 
gases during the drying process, it is preferred to 
execute the method as disclosed in claim 9. The 
sulphate reacts with the ammonia and ammonium 
sulphate is precipitated. 

With the plant according to the invention, it is 
preferred to configure each nozzle with a nozzle 
opening in the order as disclosed in claim 1 2. 

A simple, robust and reliable mechanism for 
the movement of the nozzle is disclosed in claim 
13. Although the nozzle executes a partly circular 
movement due to its suspension, a cam of suitable 
shape can make the nozzle execute its movement 



with a substantially constant speed in relation to 
the surface of the belt. 

In order to be able to carry out the two-step 
drying process as disclosed in claim 5. it is pre- 

5 ferred to configure the plant as disclosed in claim 
14. The first part-process (a1) is effected at the first 
belt, and the second part-process (a2) is effected 
at the lowermost belt. There is hereby achieved a 
very compact configuration of the plant. If the plant 

io is configured as disclosed in claim 14. it is possible 
to destroy sludge containing less than 25% dry 
matter in a manner which is neutral from the point 
of view of thermal energy. 

In order to give the plant a large capacity in 

/5 that part of the process where there must not be 
any contact between the sludge strings, it is pre- 
ferred to configure the drying apparatus as dis- 
closed in claim 15. where two or more conveyors 
function in parallel, either above each other and/or 

20 at the side of each other. When the sludge has first 
passed the first critical phase, it can fall down on 
the lower belt where it is of no consequence that 
the sludge strings or pellets (the particles) tie on 
top of one another. 

25 

THE DRAWING 

Example embodiments of the method and the 
plant according to the invention will now be de- 
30 scribed with reference to the drawing, where 
fig. 1 

shows the configuration of the plant in diagram 

form, 

fig. 2 

35 shows in principle a vertical section through the 
drying apparatus of the plant, 
fig. 3 

shows an enlarged detail of part of the conveyor 
in the drying apparatus, 
40 fig. 4 

shows a section along the line IV-IV in fig. 3, 
fig. 5 

shows a side view of the configuration of an 
device for the laying-out of sludge on the con- 
45 veyor, 
fig. 6 

shows the same as fig. 5, but seen from above, 
and 

figs.. 7a and 7b 
so show two different positions of the device during 
operation. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

55 In the preferred embodiment, the plant com- 

prises a section I where drying and combustion of 
the sludge is effected, section II where a treatment 
of the flue gas and gases deriving from the sludge 
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is effected, and section III where the ash from the 
combustion process is treated. Sections II and III 
are not necessary for the function of section I, but 
provide a complete processing of the method's 
residual products. 5 
I. The plant comprises a silo 1 for de watered 
sewage sludge, which with a monopump 3 and 
through a filter 5 can deliver the sludge to an 
device 7 for the distribution of the sludge on an 
upper conveyor 8 in the drying apparatus 9. The to 
distribution device 7 comprises a nozzle 70 with 
a circular nozzle opening of 5 - 8 mm in diam- 
eter, although larger or smaller nozzle openings 
can be used. Due to the technical function of the 
monopump, there will rarely arise operational 15 
problems for reasons of a blocked nozzle 70, 
the reason being that the pressure in the sludge 
on the discharge side of the monopump merely 
increases until there is passage again. The noz- 
zle 70 is disposed at the end of movable pipe 20 
71 placed in a bearing 79, and the movement of 
the nozzle 70 can be controlled via a roller 75 
mounted on a rigid arm 76, in that said roller 75 
follows the edge of a heart-shaped cam 72. The 
area of movement of the pipe is a partly circular 25 
arc with fixed centrepoint 73, and the function of 
the cam is to ensure an equal distribution of a 
sludge string 74 from the nozzle 70 over the 
whole breadth of the belt, in that the shape of 
the cam ensures that the relative speed between 30 
the nozzle 70 and the belt 8 is constant, in that 
the cam's angular velocity around its axis 72' 
and the speed of the belt are constant. From fig. 
7a-b will be seen how the rotation of the cam 72 
can move the pipe 71 between two outer posi- 35 
tions, see fig. 6. A pressure-constant hose 78 
forms a movable connection between the mov- 
able pipe 71 and the outlet pipe 77 of the 
monopump. The mechanical construction of the 
nozzle's movement arrangement is reliable and aq 
robust in the dirty environment at the laying-out 
of the sludge. 

It is normal to have a relatively broad con- 
veyor 8 which, for example, can be covered by 
four devices 7 placed at the side of one another, 45 
where a monopump supplies each device. Each 
nozzle can lay-out over a breadth between 0.3 
and 1.0 m on the belts 8. 

As shown in fig. 2, it is preferred to have 
two belts 8, each with their own laying-out de- so 
vice 7 for sludge. The capacity can hereby be 
made greater in the area in which the difficult 
initial drying of the sludge takes place. It is 
preferred that the belt 8 itself is configured with 
steel wire pieces 92 extending in the feeding 55 
direction, said pieces 92 being secured to trans- 
verse stiffeners 93. In the laying-out, the sludge 
string 74 lies transversely to the direction of the 



pieces 92. and the least possible contact occurs, 
in principle point-contact, between the sludge 74 
and pieces 92, see figs. 3 and 4. The direction 
of the drying air is indicated by the arrows 94, 
and this reduces the pressure of the sludge 
against the wire pieces 92 in the laying-out area 
98. 

The drying apparatus 9 is divided by a 
horizontal dividing wall 90 which, apart from an 
opening 13 at the one end of the belts 8 and 1 1, 
separates two upper belts 8 from a lower con- 
veyor belt 11. The opening 13 serves primarily 
as a chute for partly dried sludge falling from 
the upper belts 8 to the tower belt 11, and 
secondarily for the equalization of the amounts 
of air fed to and led from the spaces around the 
upper and lower belts 8 and 1 1 . 

The drying air 96 in the plant 9 is forced to 
circulate as shown in fig. 2. With suitable divid- 
ing plates 95, 90% of the drying air is circulated. 
10% of the drying air 96 is supplied as hot 
gases from a combustion which is described in 
more detail below. The supply takes place at a 
box 97 placed directly below the belts' areas 98, 
where the sludge strings are laid out. The mix- 
ing of drying air 96 in the areas 98 is effected in 
such a manner that the drying-air temperature is 
in the range between 150 and 250°C. The ad- 
vantage of using such a low temperature is that 
the evaporation of toxic organic connections 
from the sludge is avoided. During the circula- 
tion of the air 96, the temperature drops to 
around 120°C, and 10% of the gases are sucked 
out through the box 99. After drying on the belts 
8, it is typical for the dry-matter contents in the 
sludge to increase to 50 weight-%. in that the 
wet part of the sludge lies in the centre of the 
sludge strings 74. 

The belt 11 carries a layer of partly dried 
sludge 100 which is retained for a longer time at 
a somewhat lower temperature, typically in the 
range of 50-60°. This belt 11 can have a much 
greater layer thickness than the belts 8, since 
the pre-dried sludge after passage of the belts 8 
is not sticky and is relatively porous, which 
permits a slower and possibly intermittent feed- 
ing of the belt 11 with subsequent greater 
sludge capacity per unit area of the belt. 

The belts 8 are driven continuously, and the 
belt 11 is driven continuously or intermittently 
depending on the control, which is set in accor- 
dance with the time for which the sludge is 
desired to be retained in the drying apparatus 9. 

From the other end of the lowermost belt 
11, the dried sludge can fall down through an 
opening 101, and thereafter, see fig. 1, it is 
conveyed via a worm conveyor 1 5 to a container 
17 for the sludge. From the container 17, the 
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sludge can be fed via a stoker conveyor 18 into 
a commonly-known combustion furnace 19 with 
travelling grate. The furnace 19 has a post- 
combustion chamber in which the flue gases are 
retained for more than 2 seconds at a tempera- 5 
ture in excess of 875°C. The quality of the 
combustion is hereby so good that carbon mon- 
oxide and the hydrocarbon contents in the flue 
gas become very low and environmentally ac- 
ceptable. The quality of the combustion, togeth- w 
er with a drying process which is carried out at 
very low temperature, means that the emission 
of nitrogen oxides, dioxins, furanes etc. become 
very low. The ash from the combustion can be 
collected for depositing or for further processing is 
in section III. 

Section I also comprises a commonly-known 
flue-gas scrubber 23 and an air/water heat ex- 
changer 25. The scrubber 23 is used to process 
the gas-containing air removed from the upper 20 
part of the drying apparatus 9, and the hereby 
heated water, where the heat comes from the 
condensation of the water vapour from the flue 
gas, is used in the heat exchanger 25 for the 
heating of circulating gases before these are 25 
introduced into the drying apparatus 9 at the 
lower belt 11. The treated air is conducted fur- 
ther to the surroundings through a discharge 
pipe 33. The condensed water in the flue-gas 
scrubber 23 is led away through the overflow 30 
pipe 24 back to the inlet of a waste water 
cleaning plant. 

The oxygen-containing fresh air needed for 
the furnace 19 is sucked in at an induction 
opening 21 in the plant 9 at the lower belt 11, 35 
whereby a mixing can be effected with the cir- 
culating gases 102. The dewpoint of the circulat- 
ing gases 102 is thus reduced, and as a con- 
sequence hereof they are able to absorb further 
water(steam) from the sludge 100. The amount aq 
of fresh air is determined by the desired de- 
wpoint of the drying air 102, and the amount is 
1.5 to 5 times greater than the amount of com- 
bustion air necessary for the furnace 19. 

A part of the flow of drying air 102 for the 45 
belt 1 1 is removed by a ventilator 27 for com- 
bustion air for the furnace 19. The fact that the 
combustion air is first used in the drying pro- 
cess means that the total amount of fresh air 
and discharge air is minimized. 50 

The hot flue gases from the furnace 19 are 
conducted as shown with a ventilator 29 to the 
uppermost belt 8, where the supply of the gases 
is effected immediately below the distribution 
device 7 to the material-carrying, upwardly-fac- 55 
ing part of the belt 8, as described above. Part 
of the gas flow is conducted further through a 
bag filter 31 for the removal of possible dust 



before the gases are processed further in sec- 
tion II and in the scrubber 23. A second part of 
the flow is led to the furnace 19 for mixing with 
and cooling of the flue gases from said furnace 
19. 

Circulation of the drying air 96.102 with the 
ventilator 29 and a ventilator 30 ensures that a 
sufficiently high air velocity is achieved, prefer- 
ably 3-4 m/s, between sludge and drying air at 
the drying process on the belts 8 and 11. The 
part-process a1 is effected with the belts 8 and 
associated drying circuit 29.96. while the part- 
process a2 can be effected with the belt 1 1 and 
the drying circuit 30,102. 

The drying apparatus 9 can be of modular 
construction so that several belts 3.11 can be 
placed at the side of or above one another, 
whereby the capacity can be multiplied. 

Generally, the lower belt 11 and the circuit 
with the exchanger 25 and the scrubber 23 with 
associated channel connections are not neces- 
sary when the sludge has a dry-matter content 
greater than 25%. It is typical for dewatered, 
community sewage sludge to have a dry-matter 
content of around 20%. and operational tests 
with the plant show good function down to about 
14% dry-matter content. 

With sludge types having less than 20% 
dry-matter, an auxiliary fuel must be introduced, 
for example wood chips, which are added to the 
buffer silo 17. 

II. In a scrubbing tower 51, the ammonia-con- 
taining flue gases from the drying process in 
section I are exposed to a counter-flow of lique- 
fied or atomized sulphuric acid, with the follow- 
ing reaction 

2NH 3 + H 2 SO* -> (NHOaSO* 

The reaction product ammonium sulphate can 
be used as agricultural fertilizer. 

With section II, the discharge of ammonia to 
the atmosphere is consequently avoided. 

III. The ash from the furnace 19 is conveyed to 
a crusher 61 which comminutes the ash before 
it is supplied to a first vessel 63 with sulphuric 
acid, where pH is less than 2. During a stirring, 
there occurs a dissociation of the metallic salts 
in the ash, primarily of aluminium phosphate. As 
phosphoric acid does not appear dissociated at 
pH values less than 2. H3 PO* is formed. Stirring 
is carried out for a period of time. Aluminium is 
added during continued stirring and heavy met- 
als not already sedimented are precipitated. 

In the chemical reactions there occurs a 
dissolution of some metal oxides and precipita- 
tion of metal sulphate: 
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PbO + H 2 SO* -> H 2 0 + PbSO* 
CdO + H2SO4 -> H 2 0 + CdSOi 

The non-soluble oxides HgO and CuO are 
precipitated from the solution. 

Certain metal oxides and aluminium phos- 
phate are dissolved in the solution. 

NiO + H 2 SO* -> Ni+ + SO*— + H 2 0 
2Cr0 3 + 3H2SO4 -> 2Cr ++ *3SO* — + H 2 0 
ZnO + H 2 SO* -> Zn + *SCU— + H 2 0 

AI 2 (PO*>2 + 3H 2 SO* -> 2A1 3SO*~ + 

2H 3 PCU 

The free sulphations react with the aluminium 
and the metals are precipitated. 

3NiSCU + 2AI -> AI 2 (SO*)3 + 3Ni 
Cr 2 (SO*)3 + 2AI -> AI 2 {S04) 3 + 2Cr 
3ZnSO* + 2AI -> AI 2 (SO*) 3 + 3Zn 

After a period of time, the stirrer is stopped. The 
heavy metals fall to the bottom and dissolved in 
the solution there is now Al2(SO*)a + HaPO* + 
possible surplus of H 2 S04.From an overflow 
placed a short distance from the bottom of the 
vessel, the solution-dissolved materials are fed 
through a filter 64 to a second vessel 65. 

To the vessel 65 is added Ca(OH>2, though 
not to the extent that the pH exceeds 6.5. Alu- 
minium sulphate is thus precipitated following 
the formula: 

3Ca(OH)2 + AI 2 (S04) 3 -> 3CaSC>4 + 2AI(OH>3 

Calcium sulphate and aluminium hydroxide are 
precipitated. Surplus sulphuric acid reacts and 
calcium sulphate is precipitated following the 
formula: 

Ca(OH>2 + H 2 S04 -> CaSCU + 2H 2 0 

Phosphoric acid is converted to calcium 
dihydrogen phosphate following the formula: 

2H 3 PO* + Ca(OH)2 -> Ca(H 2 P04)2 + 2H 2 0 

The calcium dihydrogen phosphate is found dis- 
solved in the solution and is tapped off into 
storage containers from which it can be sold as 
agricultural fertilizer. 

The sediment from the vessel 65 is trans- 
ferred to a third vessel 67 where sulphuric acid 
is added to calcium sulphate and aluminium 
hydroxide which dissolves. Calcium sulphate 
again precipitates and can be removed from the 
bottom of the vessel and used as fertilizer. 
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Aluminium hydroxide reacts chemically fol- 
lowing the formula: 

2AI(OH) 3 + 3H 2 S04 -> AI 2 (S04) 3 + 6H 2 0 

Aluminium sulphate is conducted back to the 
cleaning plant where it is reused in a new phos- 
phor precipitation process. The precipitated 
heavy metals are led away for storage. 

Claims 

1. Method for the destruction of organic sludge, 
especially sewage sludge containing a maxi- 
mum of 40% dry matter, and comprising a 
drying process in which the sludge is laid out 
on a conveyor which is driven at a controlled 
speed, and where the sludge when laid out is 
formed in such a manner that the free surface 
of the sludge divided by the volume of the 
sludge gives a ratio in the order of at least 4 
cm" 1 , preferably between 5 and 13 cm" 1 , and 
where during the transport on the conveyor the 
sludge is dried by hot gases which permeate 
the conveyor belt, characterized In that the 
sludge is laid out on the conveyor belt via one 
or more separate nozzles which, during the 
laying-out, are moved transversely to the feed- 
ing direction of the belt so that there is formed 
a string of sludge or several mutually separate 
strings of the sludge, and where the belt, at the 
place where the sludge is laid out, is perme- 
ated by the gases, which at this place have a 
temperature of at least 110°C, preferably be- 
tween 150 and 250°C. 

2. Method according to claim 1, characterized 
In that the gases at the place where the 
laying-out is effected are led upwards in the 
direction from the underside of the belt to- 
wards its upperside, where the sludge is laid 
out. 

3. Method according to claim 1 or 2, character- 
ized In that the nozzle moves at a substan- 
tially constant speed in relation to the surface 
of the belt on which the sludge is laid out. 

4. Method according to one of the claims 1-3, 
characterized In that the method comprises 
a first process step (a) consisting of the drying 
process and at least two process steps in 
addition to the first process step, where in the 
second step (b) the sludge is burned in a 
combustion furnace, and where in a third step 
(c) the ash from the furnace is led away for 
depositing as use for road-filler or for further 
processing, where flue gas from the combus- 
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tion in the furnace is conducted to the first 
step for use in the drying and the evacuation 
of gases from the sludge, and that the flue gas 
is thereafter wholly or partly conducted to the 
outside surroundings. s 

5. Method according to one of the claims 1-4, 
characterized in that the drying process is 
divided into two part-processes (a1,a2), where 

in the first part-process (al) the sludge is laid ro 
out on a first conveyor and here permeated by 
the gases which have the highest temperature, 
and where thereafter in the second part-pro- 
cess the sludge is transferred from the first 
conveyor, e.g. by falling, to a second conveyor is 
where the sludge is permeated by gases at a 
lower temperature than in the first part-process 
) 01). 

6. Method according to the claims 1. 4 and 5, 20 
characterized In that in the second process 
step (b) there is carried out a post-combustion 
where the flue gases are held for more than 

two seconds at more than 875°C, that the 
temperature at the second part-process (a2) is 25 
between 40 and 65°C, and that the flue gases 
after the second step (b) are led through a 
flue-gas scrubber before being discharged to 
the outside surroundings. 

30 

7. Method according to claim 5 or 6. character- 
ized In that the condensation heat in a part- 
flow of the gases, which have passed the first 
part-process (al) via a smoke scrubber and a 
heat exchanger circuit, are used for the heating 35 
of the gases in the second part-process (a2). 

8. Method according to claim 6 or 7, character- 
} ized in that the main part of the gas for the 

drying in both part-processes (ai,a2) is recir- aq 
culated, and that a flow of fresh air is added in 
the second part-process (a2) so that fresh air 
here is heated by mixing together with recir- 
culating gases, while at the same time a part- 
flow of drying air corresponding to the fur- 45 
nace's need for oxygen is conducted to the 
combustion air inlet of the furnace. 

9. Method according to one of the claims 1-8, 
characterized In that a part- flow of the gases 50 
which have passed the drying process are 
conducted to a scrubber where the gases are 

led against a flow of liquefied or atomized 
sulphuric acid, whereby ammonia in the air 
stream is precipitated by the sulphuric acid as 55 
ammonium sulphate, and that the gases are 
finally led to a flue-gas scrubber before being 
discharged to the outside surroundings. 
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10. Plant for use in the execution of the method 
according to claim 1, and comprising a drying 
apparatus for organic sludge, especially 
sewage sludge, and wherein there is provided 
a conveyor which can be permeated by air and 
which can be driven at a controlled speed, and 
a device for the laying-out on the conveyor of 
the sludge in a form with a ratio between the 
surface area and volume, where the ratio which 
results by dividing the surface by the volume 
in the condition immediately upon laying-out is 
greater than 4 cm - \ preferably between 5 
cm" 1 and 13 cm" 1 , and where the drying 
apparatus is provided with one or more injec- 
tion openings for hot gases for the drying of 
the sludge, and/or guideplates for the gases 
disposed in such a manner that the gases can 
be forced through the conveyor for sweeping 
the sludge, characterized In that the device 
for laying-out the sludge consists of one or 
more mutually separate nozzles which can be 
moved transversely to the feeding direction of 
the conveyor belt, and where the guideplates 
and the injection openings for the gases are 
disposed in such a manner that the gases are 
made to flow through the belt at the place or 
the places where the sludge is laid on the belt 
during the laying-out. 

11. Plant according to claim 10. characterized in 
that the guideplates and/or the injection open- 
ings for the gases for the drying are disposed 
in such a manner that the gases can be forced 
through the conveyor belt in an upwards direc- 
tion from the underside of the belt towards the 
upperside of the belt in the area which can be 
traversed by the nozzle during the laying-out. 

12. Plant according to claim 10 or 11, character- 
ized In that each nozzle has a nozzle opening 
with an internal diameter in the range of 0.3 to 
1 .0 cm, preferably between 0.5 and 0.8 cm. 

13. Plant according to one of the claims 10-12. 
characterized in that the nozzle is disposed 
on the end of an arm which is connected to a 
control-rod for a roller which can follow the 
periphery of a rotating cam. 

14. Plant according to one of the claims 10-13, 
characterized In that the drying apparatus 
comprises two conveyors which can be perme- 
ated by air, a first arranged above a second 
and the second being placed in an offset posi- 
tion in relation to the first, so that material on 
the upper belt can fail from the one end of the 
belt down onto the lower belt, and in that 
injection and exhaust openings respectively 
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are provided for the first and the second belt 
and are connected to each their air channel 
system for the recirculation of a part of the 
gases, and that between the belts there are 
dividing walls which separate the air around s 
the belts, apart from the area at the said end of 
the upper belt. 

15. Plant according to claim 14. characterized in 

that above the dividing wall in the drying ap- to 
paratus. instead of one conveyor there are 
provided two or more conveyors arranged 
above one another and/or at the side of one 
another and operating in parallel, and each 
with its own device for the laying-out of the is 
sludge on the belts, which are positioned in 
relation to one another in such a manner that 
material being conveyed can freely fall down 
onto the belt under the dividing wall. 

20 



25 



30 



35 



40 



45 



50 



55 



8 



EP 0 552 583 A1 




9 



EP 0 552 583 A1 




10 



EP 0 552 583 A1 




J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D , A 



Citatiea ef 



tf retevant passages 



US - A - 3 559 807 
(REILLY) 

* Claim 1 * 

DE - A - 3 518 323 

(SEVAR ENTS ORGUNGS ANLAGEN ) 

* Fig. 1; column 6, line 53 - 
column 8, line 44 * 

DERWENT ACCESSION 
NO, 87-32 955, Questel Tele- 
systems (WPI) 

DERWENT PUBLICATIONS LTD., 
London 

* Abstract * 

& HU-A-04-3 305 (VOROS 
OKTOBER) 



EP 92610087.6 



CLASSIFICATION OP THE 
APPLICATION (lat. CL5) 



C 02 F 11/12 
B 01 D 33/048 



TECHNICAL FIELDS 
SEARCHED (Inl_ d_5) 



C 02 F 
B 01 D 




CATECORY OF CITED DOCUMENTS 



X : particularly relevant if taken atone 

Y : particularly relevant If combined with j -other 

document of the same category 
A : techaologlcal background 
O : noa-wHtlea disclosure 
P : intermediate document 



T : theory or pHadpU ueaertyiRg the Inveatioa 
£ : earlier patcat eocamcat, bat publish**" on, or 

after the flllag dale 
D : docnateai dtea la the application 
L : tocaaaeai chad for other reassai 

eVTaeaacr of ike same patraT family, correspoadiat 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



This Page Blank (uspto) 



